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(57) ABSTRACT 

A robotic laboratory automation Workcell preferably 
includes instruments and equipment that are integrated by 
using conveyor or track elements and a robotic arm. The 
automation Workcell is controlled by a centralized or main 
controller or processor using specialized control software to 
automate the proteomics research process. The automated 
Workcell is capable of performing genetic laboratory experi 
ments from start to ?nish by moving samples or microplates 
between the instruments for analysis. A goal of the auto 
mated Workcell is to perform repetitive procedures in an 
effort to build and maximize the efficiency of a gene(s) of a 
targeted organism. 
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FIG. 1 
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FIG. 10 
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FIG. 2 
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FIG. 6 
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SYSTEMS AND METHODS FOR AUTOMATED 
PROTEOMICS RESEARCH 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of the ?ling date 
of United States Provisional Patent Application No. 60/742, 
109 ?led Dec. 2, 2005, the disclosure of Which is hereby 
incorporated herein by reference. 

[0002] The US. government has a paid-up license in this 
invention and the right in limited circumstances to require 
the patent oWner to license others on reasonable terms as 
provided for by the terms of Contract No. 58-36204-146 
aWarded by the US. Department of Agriculture, Agricultural 
Research Service. Contract No. 58-36204-146 is a joint 
research agreement betWeen Hudson Control Group Inc. and 
US. Department of Agriculture, Agricultural Research Ser 
vice executed on Jul. 6, 2004 relating to the folloWing ?eld 
of the invention. 

FIELD OF THE INVENTION 

[0003] The present invention relates to genetic research 
and drug discovery research. The invention involves sys 
tems and methods for automating the groWing and process 
ing of cells to reproduce genetic materials and their resultant 
proteins and for measuring or analyZing the results. 

BACKGROUND OF THE INVENTION 

[0004] Pharmaceutical, biotechnology and agribusiness 
companies have a constant need to groW cells of various 
organisms, such as Escherichia coli bacteria, yeasts, plant, 
mammalian cells, etc., in order to assess the e?fects of 
chemical compounds and/ or genetic materials on the health 
of these organisms or upon the production of organic prod 
ucts, such as proteins, or to improve or optimiZe cell lines of 
useful organisms, such as yeasts. This type of research 
requires the processing of tens, or even hundreds, of thou 
sands of individual cell colonies, often in a repetitive man 
ner. The ultimate goal is to detect minor variations in the 
resulting effects of the compounds or genetic materials, then 
to alter the compounds or genetic materials in an attempt to 
optimiZe the sought-after results. 

[0005] Due to the large number of samples to be tested, 
these processes usually utiliZe 96-Well or 384-Well micro 
plates, each Well containing a different sample to test, or a 
unique set of samples, and instruments that automate the 
processing of these microplates. But, even concentrating the 
test format into the footprint of a microplate still requires the 
processing of potentially thousands of microplates before 
success can be achieved. 

[0006] For example, in a process of genetic research the 
researcher tries to assess the function of a gene and/or 
modify a gene to improve its function. This process may 
have many steps that need to be performed and includes 
different types of laboratory equipment. It is very labor 
intensive because the researcher needs to move materials 
betWeen Work stations and machines manually. Manual 
movement is disfavored due to an increase in the rate of 
contamination. Moreover, manual movement betWeen 
experiments and Workstations may increase the rate of 
human error due to spillage and dropping invaluable experi 
mental samples or simple confusion or processing errors. 
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[0007] Currently, typical automation equipment used in 
laboratory processes include automated colony-picking 
robots, robotic pipettors, automated plate seal applicators, 
and automated liquid dispensers. HoWever, automation prac 
titioners have been heretofore unable to produce a compre 
hensive system that Will perform labor intensive and repeti 
tive procedures associated With all or multiple steps in the 
laboratory process. A lack of the required softWare tools, 
inadequate microplate delivery systems and insuf?cient 
knoWledge of practicable methods of integrating necessary 
components have prevented such substantial integrations 
from being implemented previously. 

SUMMARY OF THE INVENTION 

[0008] The invention relates to an automated system With 
centraliZed control for performing proteomics research in 
one or more Workcells. 

[0009] In one embodiment, the system is a Workcell that is 
con?gured to perform automated transfer of microplates 
betWeen a colony picking robotic device and a liquid han 
dling and/or pipetting robot for proteomics research includ 
ing, for example, plasmid preparation. 

[0010] In another embodiment, the system is a Workcell 
that is con?gured for the automated transfer of microplates 
betWeen a colony picking robotic device and an incubator 
suitable for prokaryotic and eukaryotic cell cultivation in 
microplates. 

[0011] In another embodiment, the system is such a Work 
cell that is further con?gured to include the automated 
transfer of microplates to and from an automated microplate 
seal applicator. 

[0012] In another embodiment, the system is such a Work 
cell that is further con?gured for the automated transfer of 
microplates to and from a liquid handling and/or pipetting 
robot. 

[0013] In another embodiment, the system is a Workcell 
that is con?gured for automated transfer of microplates 
betWeen a colony picking robotic device and a Workcell or 
Workstation con?gured for automated preparation of plas 
mids for use in genomic or proteomic processes. 

[0014] In another embodiment, the system is such a Work 
cell that is further con?gured for the automated transfer of 
microplates to and from a Workcell or Workstation that 
performs automated preparation of plasmids for use in 
genomic or proteomic processes. 

[0015] In another embodiment, the system as described in 
any of the preceding embodiments is con?gured With a 
scheduling control device or softWare and control processor 
con?gured to control and operate the equipment of the 
Workcells. 

[0016] In still another embodiment, the scheduling device 
or softWare of the previously described embodiments is 
con?gured to control and operate the equipment of the 
Workcell in a manner that permits multiple Workcells or 
equipment of each Workcell to be operating simultaneously, 
processing the same or different sets of samples. 

[0017] In such automated embodiments, systems may be 
con?gured to automate processing of bacterial, yeast or 
other microbial colonies from their initial plated colony 
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growth through their picking into microplate Wells, subse 
quent growth, archiving, plasmid preparation, plasmid qual 
ity analysis, plasmid-based reactions and assays Without 
manual intervention. Futherrnore, the above embodiments 
may be con?gured to automate the identi?cation of novel 
open reading frames (DNA segments) through a strategy of 
mutagenizing Wild-type genes in order to introduce or 
improve protein production characteristics in lines of bac 
teria, yeast and/or all eukaryotic cells, including but not 
limited to plant callus cultures, and mammalian, reptilian, 
amphibian, arthropodian, and protozoan cells. Moreover, 
such systems may be con?gured for assembling open read 
ing frames sequentially to form full-length genes via poly 
merized chain reaction (PCR) process to include any knoWn 
or desired codon sequence pattern in particular open reading 
frames. The embodiments may be further con?gured With 
centralized control to implement assembling open reading 
frames to form full-length genes via PCR process to include 
both Wild-type and optimized or improved open reading 
frames identi?ed using the described Workcells. Such auto 
mated control may include Workcells for transforming or 
transfecting the assembled gene structures produced into 
prokaryotic or eukaryotic cells, including bacterial, yeast, 
plant or animal cells. 

[0018] In one embodiment, an automated system imple 
ments a method for modifying an ORF of a gene so that the 
expression product of said ORF is characterized by a desir 
able functional modi?cation in the automated steps of incre 
mentally synthesizing a plurality of progressively larger 
segments of said ORF Wherein at least one of said segments 
comprises an introduced modi?cation; simultaneously 
expressing each of said segments in an expression system; 
determining the biochemical activity and/or binding site 
recognition of each of said segments; and selecting at least 
one of said segments characterized by said desirable func 
tional modi?cation based on said biochemical activity and/ 
or binding site recognition. Optionally, a plurality of pro 
gressively larger segments of said ORF may be in at least 
one to in?nite numbers of combinations. Optionally, the 
expression may be either from cDNA libraries or from 
modi?ed ORFs. In such an automated system, the produc 
tion of neW bacterial and/ or fungal strains may be performed 
by mass transformation and/or transfection of eukaryotic 
cell lines With said cDNA libraries. 

[0019] In another such embodiment, the automated system 
is con?gured for automatically modifying an ORF of a gene 
so that the expression product of said ORF is characterized 
by a desirable functional modi?cation or combination of 
functional modi?cations in automated steps of (a) providing 
a plurality of clones having a ?rst introduced modi?cation in 
an ORF as compared to a Wild-type form of said ORF; (b) 
mutagenizing the plurality of clones in order to introduce at 
least one additional modi?cation into the ORF of each one 
of said plurality of clones; (c) simultaneously expressing the 
ORF in each one of the clones from step (b) in an expression 
system; (d) determining the biochemical activity and/or 
binding site recognition of each of the clones; and (e) 
selecting a clone having the desirable functional modi?ca 
tion or combination of functional modi?cations based on the 
biochemical activity and/or binding site recognition of the 
clone. 

[0020] The system may perform speci?c methods of auto 
mated proteomics research. 
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[0021] One embodiment includes a method for selecting 
desirable functional modi?cation of an ORF. This means 
that larger segments of an ORF are progressively and 
incrementally synthesized. The ORF may be naturally 
occurring (Wild-type) sequence or have at least one intro 
duced modi?cation. First, each segment is expressed in an 
expression system. Then, the biochemical activity and/or 
binding site recognition of each ORF are determined. Last, 
desirable functional modi?cation based on the biochemical 
activity and/or binding site recognition of one of a segment 
having an introduced modi?cation is selected. This method 
may be performed by incrementally synthesizing by means 
of amplifying overlapping oligomers Where the oligomers 
collectively represent the sequence of the entire ORF. The 
method of the present invention may be performed in vitro, 
in vivo, in vivo in a bacterium, in vivo in yeast, and both in 
vitro and in vivo. 

[0022] In another embodiment the method is for producing 
a clone having one or more desirable functional modi?ca 
tions of an ORF. Steps in performing this method include 
incrementally synthesizing progressively larger segments of 
an ORF in any direction on the ORF, either on the Wild-type 
sequence or at least one of the segments With a ?rst 
introduced modi?cation. Then, express the segments in an 
expression system. Next, determine the biochemical activity 
and/or binding site recognition of each of the segments. 
Further, select for the desirable functional modi?cation 
based on the biochemical activity and/or binding site rec 
ognition of the segment having a ?rst introduced modi?ca 
tion in the ORF. Then, incrementally synthesizing progres 
sively larger segments of the ORF having the ?rst introduced 
modi?cation Where at least one of the segments has a second 
introduced modi?cation. Finally, express the segments in an 
expression system, and determine the biochemical activity 
and/or binding site recognition of each of said segments, 
selecting for the desirable functional modi?cation based on 
the biochemical activity and/or binding site recognition of 
the segment With both the ?rst and second introduced 
modi?cations. The segments of ORFs may be a Wild-type 
ORF of a gene. The segment may encode a reduced number 
of translational stops of any type When expressed in a 
heterologous expression system as compared to a Wild-type 
ORF of said gene. In this embodiment the desirable bio 
chemical activity and/or binding site recognition may be 
screened for high solubility and greater ability to be puri?ed 
from the aqueous fraction. The desirable biochemical activ 
ity and/ or binding site recognition are screened for reduction 
in formation of cysteine bridges by systematic removal of all 
cys amino acids in the ORF. The segment or ORF may be 
mixtures of Wild-type and modi?ed segments of sequences 
in the assembled ORF and the ORF may be optimized to 
incorporate codons most frequently used in a particular 
organism expression system. 
[0023] In an embodiment, a method is for modifying an 
ORF of a gene so that the expression product of said ORF 
is characterized by a desirable functional modi?cation using 
the folloWing steps. First, incrementally synthesizing pro 
gressively larger segments of the Wild-type ORF or an ORF 
having at least one introduced modi?cation. Next, each of 
the segments are expressed in an expression system and their 
biochemical activity and/ or binding site recognition of each 
segment is determined. Finally, a selection for the desirable 
functional modi?cations based on the biochemical activity 
and/or binding site recognition of the segment having an 
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introduced modi?cation may be determined. This embodi 
ment may include a truncated form of a Wild-type ORF of 
the gene. Further, in this embodiment the segment may 
encode a reduced number of translational stops of any type 
When expressed in a heterologous expression system as 
compared to a Wild-type ORF of the gene. Additionally in 
this embodiment the desirable biochemical activity and/or 
binding site recognition is screened for high solubility and 
greater ability to be puri?ed from the aqueous fraction. In 
this embodiment the desirable biochemical activity and/or 
binding site recognition is screened for reduction in forma 
tion of cysteine bridges by systematic removal of all cys 
amino acids in the ORF. In this embodiment the segment 
could be mixtures of Wild-type and modi?ed segments of 
sequence in the assembled ORF. 

[0024] In any of the above embodiments the method may 
be used to optimiZe the entire ORF to incorporate the codons 
that are most frequently used in a particular organism 
expression system. 

[0025] In another embodiment, the method may be for 
producing a clone having a plurality of desirable functional 
modi?cations of an ORF including the steps of ?rst provid 
ing a clone having a ?rst introduced modi?cation in an ORF 
as compared to a Wild-type form of the ORF. Then, intro 
ducing at least one additional modi?cation into the ORF. 
Further, expressing the ORF in an expression system, deter 
mining the biochemical activity and/or binding site recog 
nition of the ORF and selecting for the desirable functional 
modi?cations based on the biochemical activity and/or bind 
ing site recognition of the ORF. In this embodiment there 
may be an introduction of at least one additional modi?ca 
tion selected by random mutagenesis, directed mutagenesis, 
and evolutionary mutagenesis. The desirable clone may be 
subjected to a mutagenesis process for a second time. 

[0026] In an alternative embodiment, the invention may be 
used in a method for obtaining a representative ORF for each 
gene (all or partial) in the genome of an organism (bacterial 
or fungal). The genes may be derived from collections of 
cDNAs in various previously generated libraries. First, an 
ORF is provided for each gene in the cDNA library capable 
of being expressed as a protein in the system. Then, The 
ORF is expressed in an expression system. Further, the 
cDNA libraries are screened for the expressed proteins for 
desired function in vivo or in vitro by determining binding 
and/or biochemical activity. Last, the biochemical activity 
and/ or binding site recognition of the ORFs from the cDNA 
library is determined. 

[0027] In another embodiment, the method may be used to 
introduce a modi?cation in at least one ORF from a cDNA 
library selected by random mutagenesis, directed mutagen 
esis, and evolutionary mutagenesis. Then, subsequently 
selecting for desirable functional modi?cations based on the 
biochemical activity and/or binding site recognition of the 
expressed ORFs. 

[0028] An additional uses of the present invention may 
involve a method for transforming and/or transfecting an 
entire library of cDNAs having a representative ORF for 
each gene (all or partial) in the genome being expressed in 
prokaryotic and/or eukaryotic cells. First, an ORF in a 
cDNA library is provided for each gene capable of being 
expressed in the prokaryotic, and/or eukaryotic cells. Then, 
the ORF from the cDNA library is expressed in an expres 
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sion system. The cDNA libraries are screened for their 
expressed protein and desired function in vivo or in vitro by 
determination of binding site recognition and/or biochemi 
cal activity of the cDNA library ORF. 

[0029] Another use of the invention may be to transform 
an entire cDNA library of modi?ed ORFs from assembly. 
This is done by having at least one representative ORF for 
a mutageniZed gene being expressed. First, an ORF for each 
gene capable of being expressed in the system is provided. 
Then, the ORF is expressed in an expression system. Fur 
ther, the cDNA cDNA libraries are screened for the 
expressed protein and for desired function in vivo or in vitro 
by determining binding and/or biochemical activity. Last, 
the biochemical activity and/or binding site recognition of 
the cDNA library ORF is determined and a selection for the 
desirable functional modi?cations based on the biochemical 
activity and/or binding site recognition of the ORF is 
performed. The cDNA libraries for high throughput trans 
formation of prokaryotic and fungal strains and/or eukary 
otic cell lines are of either Wild-type, random mutageniZed, 
targeted mutations, and. or evolutionary mutations are 
present in combinations or separately. 

[0030] In an alternative embodiment, it may be used in a 
method for using high throughput screening to assess said 
ORFs and the transformed strains and/or transfected cell 
lines. First, the transformed strain and/or transfected cell line 
is obtained. Second, the strain is screened in high throughput 
using an appropriate assay such as a groWth assay, binding 
assay and/or biochemical assays to identify ORFs and 
strains With optimal characteristics. 

[0031] Additional aspects of the invention Will be apparent 
from a revieW of the folloWing disclosure and claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0032] FIG. 1 is a representation of an example con?gu 
ration of an automated proteomics Workcell; 

[0033] FIG. 1a is an example ofa robotic arm that may be 
integrated for use in the Workcell; 

[0034] FIG. 1b illustrates various track elements for inte 
grating laboratory automation equipment; 

[0035] FIG. 10 is an illustration of a connector that con 
nects tWo track elements together; 

[0036] FIG. 1d is a representation of a plate stacker 
element; 

[0037] FIG. 1e is an illustration of a plate stacker element 
expander and connection devices; 

[0038] FIG. 1f is an illustration of a device for connecting 
and integrating an incubator into the Workcell; 

[0039] FIG. 1g is an illustration of a plate sensor and a 
plate holding device; 

[0040] FIG. 1h is an illustration of an automated Workcell 
con?gured With tWo track elements on angle Wherein a 
robotic arm can deliver plates betWeen the tWo track ele 

ments; 

[0041] FIG. 11' is an illustration of a Workcell con?gura 
tion; 


































